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ABSTRACT 

A f l u i d  c r a c k i n g  c a t a l y s t  was formed by spray d r y i n g  a s i l i c a  so l  s l u r r y  
c o n t a i n i n g  an ac id- leached k a o l i n  minera l  ( w i t h  a Si02/A1203 r a t i o  of 2.6) and 
ca l c ined  r a r e  e a r t h  exchanged z e o l i t e  Y (CREY). M i c r o a c t i v i t y  t e s t i n g  (MAT) data 
show the  c a t a l y s t  ( w i t h  -22% CREY) can g i v e  66 v o l %  convers ion i n  t h e  presence o f  
5000 ppm Ni-Equiva lents .  Carbon generat ion (4.3%) seems t o  be independent o f  meta ls  
concen t ra t i on  over t h e  range inves t i ga ted .  I n  t h e  presence o f  1.0% vanadium, the 
c a t a l y s t  i s  as a c t i v e  as when meta l - loaded w i t h  5000 ppm Ni-Equiva lents .  With 2% 
vanadium, t h e r e  i s  a d r a s t i c  decrease i n  a c t i v i t y .  Commercial c a t a l y s t s  have 
s i m i l a r  a c t i v i t y  and g a s o l i n e  s e l e c t i v i t y  b u t  generate cons ide rab ly  more hydrogen 
and carbon, e s p e c i a l l y  a t  h i g h  meta ls  l oad ing .  

INTRODUCTION 

O i l  shor tages have, a t  t h e  present ,  disappeared, b u t  r e f i n e r s  are 
nonetheless under economic pressure t o  process cheaper, meta ls-contaminated 
crudes. I n  f a c t ,  because o f  nat ionwide conserva t i on  e f f o r t s ,  g a s o l i n e  consumption 
i n  the U.S. has and i s  p r o j e c t e d  t o  s t e a d i l y  d e c l i n e  i n  t h e  80 's .  Therefore, 
r e f i n e r s  w i thou t  t he  c a p a b i l i t y  o f  conve r t i ng  l e s s  c o s t l y ,  heav ie r  o i l s  i n t o  
t r a n s p o r t a t i o n  l i q u i d s  w i l l  s u f f e r  c o m p e t i t i v e l y  i n  t h i s  s h r i n k i n g  energy market 
(4-6). Several u n i t s  have a l ready repo r ted  us ing  heavy crudes i n  t h e i r  FCC 
opera t i ons  (7-9).  

C a t a l y s t  requi rements t o  process N i  - and V-contami nated feedstocks have 
been descr ibed e lsewhere;  (9-11) a recen t  d i scuss ion  has been g iven by Magee (6). 
Vanadium i s  known t o  des t roy  c a t a l y s t  a c t i v i t y ,  and i t s  e f f e c t s  can be m i t i g a t e d  by 
t i n  a d d i t i o n  (12). N icke l ,  w h i l e  no t  caus ing z e o l i t e  d e s t r u c t i o n ,  generates l a r g e  
amounts o f  gases and coke, p l a c i n g  severe demands on gas compressors' c a p a b i l i t y .  
Antimony organics have been shown t o  reduce by 50% gas fo rma t ion  due t o  metal 
contaminants, e s p e c i a l l y  n i c k e l  (13-15). Crack ing c a t a l y s t s  capable o f  forming 
i n a c t i v e  meta l  s i l i c a t e s  o r  even a l u m i n o s i l i c a t e s  on t h e i r  su r face  c o u l d  crack heavy 
o i l s  t o  u s e f u l  p roduc ts  and min imize coke, hydrogen, and l i g h t  gas generation. 

Examples of s i l i c a - b o u n d  z e o l i t e  c o n t a i n i n g  FCC have been desc r ibed  by 
E l l i o t  (16 ) ,  Ostermaier  and E l l i o t  (17), F l a h e r t y  e t  a l .  (18), and Seese e t  a i .  
(19). It i s  t h e  purpose o f  t h i s  paper t o  r e p o r t  a s i l i c a - r i c h  c rack ing  c a t a l y s t  
r e s i s t a n t  t o  d e a c t i v a t i o n  by meta ls  contaminants l i k e  n i c k e l  and vanadium. 

*To whom a l l  correspondence should be addressed. 
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EXPERIMENTAL 

C a t a l y s t  Prepara t ion  

A s i l i c a  s o l  was prepared by s imu l taneous ly  m i x i n g  d i l u t e d  sodium 
s i l i c a t e ,  alum, and s u l p h u r i c  a c i d  i n  a manner t o  keep t h e  s l u r r y  pH between 2.8 and 
3.2. The so l  was then v igorous ly  homogenized and aged f o r  t h r e e  hours a t  room 
temperature. Calc ined and acid-washed k a o l i n  (Si02/A120 22.6) was then added t o  
form a s l u r r y  c o n t a i n i n g  639 g Si02, 231.6 g A1203, and 136 g c l a y .  Ca lc ined r a r e  
e a r t h  exchanged z e o l i t e  Y (CREY from Davison) was then added t o  o b t a i n  t h e  d e s i r e d  
c r a c k i n g  a c t i v i t y .  The c a t a l y s t  z e o l i t e  l e v e l  ( %  CREY) i s  d e f i n e d  as CREY/(Si02 + 
A1203 + CLAY + CREY).100. 

The f l u i d i z e d  c r a c k i n g  c a t a l y s t  was ob ta ined by spray d r y i n g  t h e  s l u r r y  a t  
-1520% s o l i d s .  The microspheres were s l u r r i e d  i n  a 5 1 2% NH OH s o l u t i o n  t o  remove 
sodium ions. A f t e r  a f i n a l  washing w i t h  a l a r g e  excess 04 de ion ized water  and 
d r y i n g  a t  400'C f o r  10 h, t h e  c a t a  y s t s  were submit ted f o r  e v a l u a t i o n .  The 

and an average pore  r a d i u s  o f  18.6 A; t h e i r  b u l k  d e n s i t y  was 0.66 g/cc.  

I 

microspheres w i t h  -22% CREY had 250 m d /g BET surface area, 0.23 cc /g  p o r e  volume, 

I C a t a l y s t  T e s t i n g  

, t h e  one descr ibed by C iappet ta  and Henderson (1). The weight  h o u r l y  space v e l o c i t y  
C a t a l y t i c  e v a l u a t i o n  was performed u s i n g  a m i c r o a c t i v i t y  t e s t  s i m i l a r  t o  

was 15 w i t h  80 sec c a t a l y s t  con tac t  t ime a t  T = 480°C. The charge s tock  was a 
Kuwait gas o i l  hav ing  a 26O0-426OC b o i l i n g  range (see Table 1 ) ;  a c a t a l y s t - t o - o i l  
r a t i o  o f  2.5 was used. P r i o r  t o  t e s t i n g ,  c a t a l y s t s  were steam-aged f o r  10 h a t  730°C 
w i th  a -5040% N p t e a m  mix tu re .  (Ni-V) naphthenates were used t o  meta l - load  f r e s h  
c a t a l y s t s  accord ing  t o  a procedure descr ibed elsewhere (2). N i - e q u i v a l e n t s  i s  
d e f i n e d  as t h e  sum (Ni + 1/5 V) expressed i n  p a r t s  per  m i l l i o n  (ppm). Percent 
conversion i s  d e f i n e d  as: ( V f - V  ) l O O / V f  where V f  i s  t h e  volume o f  t h e  f r e s h  feed 
(FF) and Vp i s  t h e  volume o f  p r o d k t  b o i l r n g  above 204°C. 

RESULTS AND DISCUSSION 

As expected (3), c r a c k i n g  a c t i v i t y  o f  t h i s  s i l i c a - r i c h  c a t a l y s t  inc reases  
w i th  z e o l i t e  conten t  (F igure  1). I n  t h e  15-22% CREY range, convers ion  changed f rom 
74 t o  81.6%. Gasol ine make remained a t  -53%; t h i s  and t h e  i n c r e a s e  i n  hydrogen and 
carbon genera t ion  i n d i c a t e s  t h e  occurrence o f  overc rack ing ,  F igures  2, 3, and 4. 

Metals ( N i  + 1/5 V) e f f e c t s  on c a t a l y s t  a c t i v i t y  a r e  g iven i n  
F igures  5-8. Losses i n  g a s o l i n e  y i e l d s  f o l l o w  t h e  decrease i n  c a t a l y s t  a c t i v i t y  
w i t h  metal  load ings  (F igures  5 and 6) s i n c e  bo th  e f f e c t s  a r e  due t o  losses  i n  
c a t a l y s t  c r y s t a l l i n i t y .  The s i l i c a - r i c h  c a t a l y s t  ( w i t h  15 o r  22% CREY) d e a c t i v a t e s  
i n  a manner s i m i l a r  t o  t h a t  o f  a commercial c a t a l y s t  hav ing  comparable i n i t i a l  
a c t i v i t y  (F igure  5). The c a t a l y s t  ( w i t h  -22% CREY) appears t o  be more s e l e c t i v e  
w i t h  respec t  t o  hydrogen genera t ion  ( F i g u r e  7),  and i t s  carbon make ( 4 . 3 % )  i s  
independent of meta ls  l o a d i n g  up t o  5000 Ni-Equivalents.  I n  c o n t r a s t ,  t h e  
commercial c a t a l y s t  carbon genera t ion  monoton ica l l y  inc reases  w i t h  meta ls  l e v e l  
(F igure  8). Both c a t a l y s t s  have s i m i l a r  r e s i s t a n c e  t o  vanadium po ison ing .  I n  t h e  
presence o f  1.0% V convers ion  was -60% (down from -82% f o r  t h e  f resh  c a t a l y s t s ) ;  
w i th  2% V, c r a c k i n g  a c t i v i t y  was reduced t o  -30%. The s i l i c a - r i c h  m a t r i x  o f  t h e  
c a t a l y s t  d i d  n o t  p revent  z e o l i t e  d e s t r u c t i o n  by t h e  vanadium. CREY has a s t r o n g  
d i f f r a c t i o n  peak a t  20.23.8'. With 1% V, t h e  o r i g i n a l  peak i n t e n s i t y  was reduced by 
-50%; w i t h  2% V, evidence o f  c r y s t a l l i n i t y  disappeared. 

23 



Resu l t s  i n  Table 2 show t h e  s i l i c a - r i c h  c a t a l y s t ' s  hydrothermal s t a b i l i t y  
(50/50% ni t rogen-steam f o r  10 h a t  7 3 0 Y )  and carbon s e l e c t i v i t y .  Even a f t e r  
steaming a t  815°C f o r  5 h w i t h  95% steam t h e  c a t a l y s t  was a b l e  t o  r e t a i n  90% o f  t he  
c rack ing  a c t i v i t y  measured a f t e r  ag ing  w i t h  50% steam. Steaming, however, a f f e c t s  
t h e  s t a b i l i t y  o f  vanadium-contaminated c a t a l y s t s .  I n  f a c t ,  a f t e r  ag ing w i t h  95% 
steam (10 h a t  730°C) microspheres w i t h  0.5% V r e t a i n e d  -70% o f  t h e i r  i n i t i a l  
a c t i v i t y ;  w i t h  0.75% V, they became i n a c t i v e .  X-ray d i f f rac tog rams  showing 
c r y s t a l l i n i t y  l osses  due t o  vanadium load ings  a re  g i ven  i n  F igu re  9. 

Wi thout  me ta l s ,  t h e  steam-aged c a t a l y s t  had 177.8 m2/g BET sur face area, 
0.19 cc/g n i t r o g e n  po re  volume, and an average pore rad ius  o f  21.2 A. I n  F igu re  10 
i t s  carbon s e l e c t i v i t y  i s  represented as t h e  weight  o f  carbon by-product  p e r  volume 
percentage o f  convers ion.  This  va lue  i s  p l o t t e d  as a f u n c t i o n  o f  convers ion t o  show 
t h a t  f o r  convers ion l e v e l s  i n  t h e  65 t o  80% range, t h e  s i l i c a - r i c h  c a t a l y s t  
generates l ower  coke y i e l d s  than  t h e  commercial c rack ing  c a t a l y s t s  tes ted .  

The use o f  ac id- leached c a l c i n e d  k a o l i n  has l i t t l e  e f f e c t  on a f resh  
c a t a l y s t  ( w i t h  -15% CREY) a c t i v i t y ,  but  i t  may inc rease  g a s o l i n e  y i e l d s ,  see 
Table 3. The c a t a l y s t  e x h i b i t s  improved r e s i s t a n c e  t o  meta ls  d e a c t i v a t i o n  when i t  
conta ins an ac id - l eached  c a l c i n e d  k a o l i n  m ine ra l  ( w i t h  Si02/A1203 = ,  2.6) i n s t e a d  o f  
un t rea ted  k a o l i n .  The a c i d  t reatment  removes aluminum' and es tab l i shes  octahedra l  
vacancies i n  t h e  m i n e r a l  l a t t i c e .  These "holes"  c o u l d  host  meta ls  l i k e  N i  and V and 
negate t h e i r  d e l e t e r i o u s  e f f e c t s  on c rack ing  a c t i v i t y  and product  s e l e c t i v i t i e s .  
The c a t a l y s t ' s  low carbon genera t i on  has probably  been enhanced by i t s  s i l i c a - r i c h  
m a t r i x ' s  a b i l i t y  t o  form i n e r t  n i c k e l  s i l i c a t e s .  N icke l  pass i va t i on ,  due t o  
s i l i c a t e s  fo rma t ion ,  has been p r e v i o u s l y  p o s t u l a t e d  by Meisenheimer (20) f o r  
amorphous ( s i  1 i ca -a lum i  na) c r a c k i n g  c a t a l y s t s .  
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Tab le  1. Kuwait  gas o i l  inspec t ions .  

Grav i ty ,  API 
V i s c o s i t y ,  130°F 
V i s c o s i t y  , 150°F 
V i s c o s i t y ,  21OOF 
Pour Point ,  "F 
N i t rogen,  w t %  
S u l f u r ,  w t %  
Carbon, Res., w t %  
Bromine No. 
A n i l i n e  Po in t ,  O F  

Nicke l ,  ppm 
Vanadium, ppm 
D i s t i l l a t i o n ,  a t  760 mm 
End Point ,  "C 
5 Pct. Cond. 
Approx. Hydrocarbon 
Type Ana lys is :  v o l %  
Carbon as Aromat ics 
Carbon as Naphthenes 
Carbon as P a r a f f i n s  

23.5 
94.7 
70.5 
50.8 

+80 
0.074 
2.76 
0.23 
5.71 

176.5 
<0.1 
<0.1 

426 
263 

23.1 
10.5 
66.3 
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Table 2. Hydrothermal s t a b i l i t y  da ta  o f  a S i 0 2 - r i c h  c r a c k i n g  c a t a l y s t  
c o n t a i n i n g  -22% CREY. 
n i t r o g e n  m i x t u r e s  a t  1 atm f o r  10  h. 

Steaming was per fo rmed w i t h  a 50-50% steam- 

Convers ion  (V%f f )  

Gaso l i ne  ( V % f f )  

Hydrogen ( w t % f f )  

Carbon ( w t % f f )  

Steaming Temperature ("C) 

730 760 790 

81.26 80.06 76.03 

52.83 54.92 52.45 

0.03 0.02 0.02 

3.99 3.56 3.20 

- - -  

Table 3. E f f e c t s  o f  an ac id - l eached  k a o l i n  m ine ra l  on t h e  me ta l s  r e s i s t a n c e  
o f  a FCC c o n t a i n i n g  -15% CREY. Test c o n d i t i o n s :  T = 48OoC, Kuwait  
GO; a g i n g  w i t h  50% steam f o r  10 h a t  730°C. 

Kaol i n  ( S i  02/Al 203) 2.6 2.6 2.0 2.0 

Me ta l s  (Ni -Equiv.) 0 3000 0.0 3000 

Conversion (V%f  f ) 72.2 62.9 72.9 51.0 

Gaso l ine  ( V % f f )  52.1 42.5 50.2 32.9 

Hydrogen ( w t % f f )  0.05 0.50 0.03 0.44 

Carbon ( w t x f f )  2.78 2.94 2.46 3.04 
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